Mutations of connexin 26 at position 75 and dominant deafness: essential role of arginine for the generation of functional gap-junctional channels.
Gap-junctional channels are large intercellular aqueous pores formed by head-to-head association of two gap-junctional hemichannels (connexin hexamers), one from each of the adjacent cells. The mechano-transduction of sound waves into electrical impulses occurs in the cochlea, which houses the organ of Corti. Hereditary deafness is frequent and mutations of connexin 26, the predominant connexin of the cochlea, are its most frequent cause. Mutations of R75 cause deafness and disrupt gap-junctional communication. Here, we determined the effects of substitutions of R75 with different residues (alanine, asparagine, aspartic acid, lysine, phenylalanine, tyrosine or tryptophan) on formation of gap-junctional channels and hemichannels. We show that connexin 26 R75 is essential for the formation of gap-junctional channels. Substitution of R75 with aromatic residues yields functional hemichannels that display altered voltage dependence, whereas substitution with other residues yields non-functional hemichannels. The expression of R75 mutants has a dominant negative effect on gap-junctional communication mediated by wild-type connexin 26, independently of the ability of the mutants to form functional gap-junctional hemichannels. Our results show that the arginine located at position 75 of connexin 26 is essential for function, and cannot be replaced by other residues.